We calculate fragmentation functions for a b-quark to fragment into color-singlet P-wave bound statescb in the Heavy Quark Effective Theory with the exact account of O(1/m b ) corrections. We demonstrate an agreement of the obtained results with the corresponding calculations carried out in quantum chromodynamics.
different processes may be decomposed on degrees of two small parameters: the strong coupling constant α s (m Q ) and Λ QCD /m Q , where m Q is the mass of the heavy quark. In the limit m Q → ∞ the effective lagrangian, which describes the strong interactions of heavy quarks has an exact spin-flavor symmetry [8] . HQET is successfully used for investigation of exclusive and inclusive hadron decays [9] . Recently it was shown [10] that HQET may be used for study of b-quark fragmentation into S-wave pseudoscalar and vector mesons and the corresponding nonpolarized fragmentation functions were calculated. The HQET calculation of the b-quark fragmentation into the transverse and longitudinal polarized Swave B * c -mesons have been made in [11] . In this work we have calculated the fragmentation functions of b-quark into P-wave color-singlet states (cb) to the next to leading order in the heavy quark mass expansion using the methods of HQET.
Fragmentation functions into P-wavecb-mesons.
Heavy b-quark may fragment into bound states of two heavy quarks (cb -states) with orbital momentum l=1. There are four such states:
1 P 1 , 3 P J (J=0,1,2). Heavy quark fragmentation functions into P-wave B c -mesons were calculated by Chen [12] and Yuan [13] in QCD, but the results of their calculations disagree. Let carry out the similar calculation of fragmentation functions in the HQET. Let q = m b v + k is 4-momentum of virtual heavy quark, p 1 = (1 − r)M v + ρ and p 2 = rM v − ρ are 4-momenta of b− andc-quarks correspondingly; ρ is 4-momentum of relative motion. Let also l = k − ρ is 4-momentum of the virtual gluon and k is the residual momentum of the fragmenting heavy quark. Fragmentation functions for the process b → B c + c are determined by the next expression [7] :
where M = m b + m c is the mass of B c -meson, T is the matrix element for production B c +c from an off-shell b * -quark with virtuality s = q 2 , and T 0 is the matrix element for producing an on-shell b-quark with the same 3-momentum q. The calculation can be greatly simplified by using the axial gauge with gauge parameter n µ = (1, 0, 0, −1) in the frame where q µ = (q 0 , 0, 0, q 2 0 − s):
The part of amplitude T that involves production of the virtual b * -quark can be treated as an unknown Dirac spinor Γ. In the limit q 0 → ∞, the same spinor factor Γ appears in the matrix element T 0 =Γv(q), what leads to cancellation of this factor Γ in (1) .
Let consider the fragmentation of b-quark into color-singlet bound state (cb) 1 P 1 . The amplitude of such process involves the spinor factor v(p 1 )ū(p 2 ). To project the pair of quarks on 1 P 1 bound state we have used the next substitution [14] :
The HQET Lagrangian, including the leading and the 1/m b terms is given by [8, 9] :
where
All of these coefficients are equal to 1 at the heavy quark mass scale µ = m b . When we concerned the fragmentation into P-wave mesons, it is necessary to decompose the projecting operator (3) and the gluon propagator (2) on the relative motion momentum ρ. Using the Feynman rules, derived from HQET Lagrangian (4), we may write the full fragmentation amplitude into 1 P 1 -state [14] :
where ǫ α (L z ) is the polarization vector of 1 P 1 -state. To calculate amplitude (6) it is convenient to divide it into two parts on the degrees of small parameter 1/m b . When m b → ∞ in vertex function and in the propagator of heavy quark, we obtain the main contribution to the fragmentation amplitude of b-quark in the form:
All calculations of the fragmentation functions, which are rather complicated, were done by means of the system "REDUCE". Substituting (7) into (1), we obtain:
where y = (1 − z + rz)/rz is the so called Yaffe-Randall variable [15] , and r = m c /M .
The amplitude of boundcb state n 3 P J production may be derived from (6), changing γ 5 →ǫ(S z ), where ǫ µ (S z ) is the spin wave function:
where we have expressed the Clebsch-Gordon coefficients and ǫ * β (S z ), ǫ * α (L z ) by the bound state polarizations [14] :
Taking in (9) only the terms of leading order on 1/m b and doing necessary differentiation on ρ α , we have obtained:
This amplitude determines the basic contribution to fragmentation functions of b-quark into 3 P J -state:
The heavy quark fragmentation functions into P-wave mesons were calculated in [13] using the QCD. Our results (8) , (12)- (14) coincide with the calculations of [13] in the leading order on 1/m b . Let consider calculation of the next-to-leading order contributions O(1/m b ) for 1 P 1 -state. First of all, let observe, that the fragmentation functions, determined by the amplitudes (9) and (11), involves factor 1/[1 + r(y − 1)]. Decompose it on degrees of r, we have the correction to (8):
Without any calculations we can obtain the propagator correction O(1/m b ) to (8) , which arises as a result of following substitution:
This correction has the next form:
The vertex correction of necessary order in (6) is calculated in a more tedious way:
It is natural to perform it as a sum of several terms. Putting ρ = 0 in the square brackets, we obtain:
gives the contribution to fragmentation functions which differs only by sign from the similar quark propagator correction:
Two other terms in square brackets of (19) give rise the next fragmentation amplitudes:
A further part of vertex correction O(1/m b ) appears, when we differentiate the expression in square brackets of (18) on ρ α :
The contributions of matrix elements (21)- (23) to fragmentation functions have the following form:
The small component of heavy quark field also leads to the correction of type O(r) in function D(y). Substituting the small quark component propagator to (6) instead of heavy quark propagator
we obtain the next amplitude of B c -meson production:
This amplitude gives the contribution to fragmentation function of the kind:
The calculation of b-quark fragmentation functions into 3 P J states was done in a similar way. The results of D(n 3 P J ) calculations are represented in the next section.
2 Discussion of the results.
Let analyse b-quark fragmentation functions into P-wave mesons. As was mentioned earlier, in the leading order on 1/m b the expressions (8), (12)- (14) coincide with QCD calculations of Yuan [13] . The correction O(r) to (8) is determined by the sum of terms (15), (17), (20), (24)- (26), (29). Setting C 1 = C 3 = 1, we obtain the fragmentation function D(n 1 P 1 ) to the next-to-leading order on r: Similarly, for the 3 P J states, we have: It follows immediately from (30)-(33), that our results coincide with the calculations of Yuan [13] with the accuracy O(r), if we take into account, that the nonperturbative factor of (30)-(33) in [13] contains reduced mass µ contrary to our factor rM . Using obtained fragmentation functions (30)-(33), we may calculate the fragmentation probabilities of corresponding (cb)-mesons [7] :
r ln r 3(1 − r) 8 Putting here |R table. We see, that our integral probabilities of P-wavecb meson production, founded by means of the b-quark fragmentation functions in the HQET are in good agreement with the results of QCD calculations of [13] .
P b→cb (2 1 P 1 ) P b→cb (2 3 P 0 ) P b→cb (2 3 P 1 ) P b→cb (2 3 P 2 ) 6.4 · 10 So the performed calculations show that the Heavy Quark Effective Theory may be successfully used for the study of the heavy quark fragmentation. In this approach we may systematically take into account the O(1/m b ) corrections in the amplitudes and the probabilities of the fragmentation, what increases the accuracy of HQET calculations. Moreover, it seems more important, that HQET leads to finite analytical answer, when we study complicated problems in the heavy quark physics. The approach, based on HQET, may be used for calculation of heavy quark fragmentation functions into D-wave mesons, and for the investigation of B c -meson hadroproduction.
